Aims: To investigate the distribution of a and it class glutathione S-transferases (GST) in normal fetal, neonatal, and adult liver; and to examine changes in GST expression in neonatal liver disease. Methods: a and X class GST were immunolocalised in sections of formalin fixed liver tissue obtained from human fetuses (n =21), neonates (n = 8), young children (n = 9) and adults (n = 10), and from neonates with extrahepatic biliary atresia (n = 15) and neonatal hepatitis (n = 12). Monospecific rabbit polyclonal antibodies were used with a peroxidaseantiperoxidase method.
Results: Expression of X GST was localised predominantly within biliary epithelial cells of developing and mature bile ducts of all sizes from 16 weeks' gestation until term and in neonatal and adult liver. Coexpression of a and a GST was seen in hepatocytes of developing fetal liver between 16 and 34 weeks' gestation. Although i GST was seen in occasional hepatocytes up to six months of life, this isoenzyme was not expressed by hepatocytes in adult liver. By contrast, a GST continued to be expressed by hepatocytes in adult liver; this isoenzyme was also seen in some epithelial cells of large bile ducts in adult liver. No '6 and malignant liver tumours. 7 In this study we examined the immunohistochemical pattern of GST isoenzyme expression in the developing fetal and neonatal liver and compared this with that of the adult. We also investigated changes in the expression of these isoenzymes in two common neonatal liver diseases, neonatal hepatitis and extrahepatic biliary atresia.8 Methods Formalin fixed liver tissue from fetuses (n = 21; 16 weeks' gestation to term), neonates (n = 8), children (n = 9; 3 months to 5 years of age) and adults (n = 10) were used as normal controls to examine GST expression in the developing liver. Biopsy specimens were also obtained from 27 jaundiced babies aged 6 to (NSS) in TRIS-buffered saline (TBS); and (ii) rabbit polyclonal anti-a GST, dilution 1 in 500 in NSS/TBS. Full details of the generation and specificity of these antibodies are given elsewhere.'3 ' In brief, i GST was derived from the splenic tissue of a patient with chronic lymphocytic leukaemia. a GST was isolated from human liver. These isoenzymes were purified using affinity chromatography and fast protein liquid chromatography using a Mono Q column (Pharmacia). Their substrate specifiicities, isoelectric points, and molecular weights were shown to be similar to those described for human placental it and hepatic a forms. Polyclonal antiserum to a and 7t GST was produced by a standard immunisation protocol in male New Zealand white rabbits. Protein (150-200 ,ig) was introduced by intramuscular injection into the hind quarter on each occasion using Freund's complete adjuvant, followed by monthly injections using Freund occasional hepatocytes expressed this isoenzyme. In infants after 6 months and in adult liver there was no expression of this isoenzyme by hepatocytes (fig 1 C) . The ductal plate structures at the porto-parenchymal interface in the second trimester (from 16 weeks' gestation) (fig IA) , as well as the developing and mature bile ducts of all sizes after this period and in adult liver showed intense nuclear and cytoplasmic immunoreactivity ( fig  1C) . Intra-sinusoidal haematopoietic cells did not contain this isoenzyme.
a GST -Hepatocytic nuclear and cytoplasmic a GST immunoreactivity was seen at 16 weeks' gestation throughout the acinus (fig 1 B) . This pattern of staining was present throughout fetal development and in adult liver ( fig 1D) . (fig 2A) . However, in two cases some hep>block atocytes including giant cells showed moderate hed in cytoplasmic positivity. Histologically, no . 20% apparent differences in the degree of bilig; (iv) rubinostasis could be seen between these cases ight at and the remaining 10. i with )patts, Extraheptic biliary atresia for 30 a GST isoenzyme did not show any variation sed in from that expressed in mature adult livers. cidase-There was intense nuclear and cytoplasmic Den-positivity in hepatocytes, although there was an for 30 apparent decrease in the number of nuclei that hed in were positive. Proliferating ductules were neg-,benzi-ative, even in those cases of extrahepatic biliary lrogen atresia with severe bridging fibrosis.
water, i GST showed a striking difference from the group X GST was positive in a few scattered hepatocytes until 6 months of life after which they were negative.X GST was present in the biliary epithelial cells of bile ducts of all sizes and at all stages of development from the early fetal period onwards. In early gestation, ductal plate structures were intensely stained with the antibody to this isoenzyme and later the developing bile ducts acquired this pattern of immunoreactivity which persisted in mature adult bile ducts of all sizes. In material from 16 and 20 week old fetuses mild to moderate a GST immunoreactivity was observed in intermediate sized bile ducts in a few cases but was consistently negative after this in all biliary radicles except large bile ducts. In these, intense a GST expression was observed in only some biliary epithelial cells.
Neonatal hepatitis and extrahepatic biliary atresia are thought to belong to a group of infantile bile duct disorders referred to as "idiopathic obstructive cholangiopathy" which represent a spectrum of diseases that have overlapping clinico-histomorphological features. 18 
